
Submit Volume Measurements For:
1. Clinical Zero-Change Nodules (n=45 cases)

2. Synthetic Acrylic Ellipsoids (n=80 ellipsoids)

Achieve Software Performance Goals For:
• Bias (<= 5%)
• Coefficient of Variation 
• Measurement Linearity & Slope
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Introduction
Precise volume measurement of lung nodules

down to 6mm requires careful control of

fundamental CT image properties throughout a CT

scanner’s field of view. For this high image contrast

measurement task, the following properties must

be confirmed at three positions from iso-center for

a CT scanner and image acquisition protocol:

1. Edge Enhancement

2. 3D PSF Resolution

3. Resolution Aspect Ratio
A CT acquisition system with a spherical 3D PSF =

M has better volumetric measurement performance

than a 3D PSF with the same volume as M but with

a higher Z/X aspect ratio.

4. HU Bias
Large biases in HU values for air and water can

influence volumetric measurement performance

particularly when 3D resolution is poor.

5. Noise
High levels of image noise can also influence

volumetric performance, particularly when 3D

resolution is poor.

6. 3D Spatial Warping

CT Scanner Vendor
Problem: Clinical sites start with a vendor provided CT 

imaging protocol and then in practice adjust to 
radiologist preferences and individual patients.

Solution: Have CT vendors verify that image quality 
performance remains acceptable over a range of 
commonly varying acquisition parameters. 
Parameters include FOV, mAs, kVp, slice thickness, 
reconstruction kernel, and pitch

Design of Experiments

The Extent of this DOE Defines a Safe 
“Operating  Envelope” that a Clinical Site Can 

Use When Acquiring CT Images For 
Small Lung Nodule Volume Measurements

Nodule Analysis Software Vendor
• CT scans of well characterized synthetic (80) and 

clinical zero-change (45) nodules will be provided

• Analysis of volume measurements will verify that the 

nodule measurement software has the required:

• Volume measurement bias

• Volume measurement CV

• Volume measurement linearity and slope

14 Steps To Conformance

Profile Claims

Fundamental CT Image Properties Are Checked at 
Three Distances From Iso-Center (0, 100, & 160mm)

• Kernel Edge Enhancement:
Air to Delrin Enhancement <= 5%

• 3D Resolution: 
3D PSF Ellipsoid Volume <= 1.5mm3

• 3D Resolution Aspect: 
PSF Sigma Z/X <= 2.0

• Linearity Bias:
Air and Acrylic Bias < 35 HU

• Image Noise:
Acrylic Noise <= 50 HU SD

• 3D Spatial Warping:
Delrin Cylinder RMSE <= 0.3

This profile proposes evidence-based consensus standards and

processes for measurement of volume and size change in solid

lung nodules. Accuracy in measuring nodule size in the low-dose

lung screening environment is critical to reducing the rate of

false positives and the impact of such findings on work-up cost

and patient management.

Overview:The profile addresses accuracy/precision of CT volumetry 

for solid lung nodules 6-10 mm

Profile Claim 1: For a measured nodule volume of Y%, and a CV as 

specified in the table below, the true nodule volume is:

Y ± (1.96  Y  CV), with 95% confidence.

Profile Claim 2: A measured change in nodule volume of X% 

indicates that a true change in nodule volume has occurred if:

X > (2.77 x CV1 x 100), with 95% confidence.

To quantify the amount of change, if Y1 and Y2 are the volume 

measurements at the two time points, and CV1 and CV2 are the 

corresponding values from the table below, then the 95% confidence 

interval for the true change is:

(Y2-Y1) ± 1.96  ([Y1  CV1]2 + [Y2  CV2]2).

The volume of the 3D PSF is the main indicator of

volumetric measurement precision for small solid

lung nodules and it changes throughout the CT

scanner FOV.
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Some systems can introduce high

levels of 3D spatial warping. This

must be avoided to obtain high

quality 3D volume measurements.
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Clinical Nodule Data Courtesy of Dr. David Yankelevitz, Mt Sinai

Axial Diameter
Mean: 4.60 mm 
SD:     0.61 mm
CV:      13%

Volume
Mean: 33.33 mm  
SD:       0.98 mm
CV:        3%

Slice Thickness

Tu
b

e 
C

u
rr

en
t

Slice Thickness

Tu
b

e 
C

u
rr

en
t

Single Operating Point Wider Operating Envelope

mAs

30 40 50

FOV

30

50

38

1.25

1.50

1.75

mAs

30 40 50

30

50

38

1.25

1.50

1.75

Pitch

Recon Kernel

B40f B46f

Low-Cost 
Phantom


